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JlaHHBIN AOKIIA MOCBSIIEH OLIEHKE (PU3NYECKUX IMPOIIECCOB, MPOUCXOSIIUX BOKPYT
HaC U OMHCBHIBAEMBIX «CTAHIAPTHOM HAYKOW)» C TOUKHU 3PEHUSI CTATUCTUKU MPOSIBISIEMbBIX
SBJICHUM 0€3 MOMBITKM OOBSACHEHHS  pealbHBIX  MPOIECCOB.  BoOOpyXUBIIUCH
MaTeMaTUYeCKUM ammnapartoM W IMOCTyJaTaMH, BMECTO 3/paBOrO CMbICIA U JIOTHKH,
pasnudHble 001acTh HayK ((PU3UKH, XUMHH, OWOJIOTHH, aCTPOHOMHUH U Jp.) pa3aeiiid He
paszensieMoe — peajbHYI0 IEMOYKY COOBITHMM M MPOLIECCOB, MPOUCXOASIIMX B IOJTHOM
B3aMMOJICHCTBUU OT MakpO 0 MHUKPOYPOBHS W HAXOJSAIIMXCA B MOCTOSHHOM W TMOJHOMN
B3aUMOCBs3U. KitoueBasi ommOka, 3T0 OTPUIIAaHUE CPEJbl, B KOTOPOM BCE HAXOJUTCS U U3

4ero BCE COCTOUT — dupa.

I[Io mamaeiM HACA Bcenennas mumb Ha 4% CcOCTOMT W3 OOBIYHOI'O BEIECTBA
(MeXraJJakTUUeCKui ra3, 3Be3/bl U Mp.), 22 % NPUXOJUTCS HA TAaWHCTBEHHYIO TEMHYIO
Mateputo U 74% Ha eme OoJieeé TAaWHCTBEHHYIO TEMHYIO HHEPIUI0, HEBUAUMYIO U
HeperucTpupyemyro. Tak HyKHO JIM BBIIYMBIBaTh HOBBIC TEPMHHBI, €CIIM €CTh 3PUP U €ro

BO3IEHCTBHE?

VY Hac, 7151 TOro 4YTOOBI OOBSICHUTH YCTPOUCTBO BCEJICHHOW, MPUXOAUTCS BBOAUTH BCE
HOBBIE KOX((UIIMEHTHI B CYIIECTBYIOIIHE (QOPMYIBI, KOTAA pacyeTHBIE pPe3yIbTaThl
pacxopsTcs ¢ pe3ysibTaTaMu, MOJIyYeHHbIMU Ha npakTuke. [Ipuxoautcs BBOIUTH BCEe HOBbIE
HNOHATHUS — MPOCTO JUIsl TOTO 4YTOOBI Kak-TO OOO3HAUYUTh TO, YTO HE BIIMCHIBAECTCS B
OOIIETPUHATYIO TEOPHIO, 1a U HOBbIE TEOPUH BBIABUTAIOTCS OJHA APYroil (aHTaCTUUIHEH.
Pa3Hble HampaBiieHHsI B HayKe MOJy4aroTcsi 000COOJEHHBIMHU, Kak OyATO MOAYMHSIOTCS

pa3HbIM 3aK0HaM. [IpuTOM, 3TH 3aKOHBI IPYT APYTY 3a4acTyO MPOTUBOPEYAT.

Jlnst Hadanma pacCMOTPUM HEKOTOPBIE CaMble SIPKHE HECOOTBETCTBHS (PU3MUECKHX

IIPOLIECCOB OMMCHIBAEMBIX HAYKOW U PEaJIbHOCTH BOKPYT HAc.

[TpocTeiM mpuMeEpOM OTCYTCTBUSI JIOTMKM  sBJIAETCA (PU3MUECKHIM  MOCTynatr
(QJIEKTPOMArHUTHBIE BOJIHBI (DJEKTPOMArHUTHOE W3JIYy4YEHUE) PpPACTIPOCTPAHAIOTCS B
BakyyMme». Cpasy ke BO3HHUKAET BOIIPOC, a BOJIHA YETr0 PacCHpOCTPAHIETCS B BaKyyMe, €CIIu
bu3MKa MO3UIMOHUPYET ero Kak myctory? IlepBoe, 4TO MbI BUAMM, 3TO 3HAK PABEHCTBA

MCXKAY OHNpECACIICHUCM BOJHBI MW  H3JIYUCHMH. OCHOBHOE€ CBOMCTBO BOJIHBI —



«...pacripoCTpaHCHUC BOJIHBI COIMPOBOKIACTCA INEpEHOCOM IHECPIuu, HO He

nepeHocom Maccbl».  CBOICTBa  M3ITy4YEHHUS —  «HOpolIEeCcCC  HUCHOYCKaHWs U
pacmnpocTpaHeHHs SHEPTUHU B BUJIC BOJH M YaCTHUL). 3ameuaTeNbHbIe BEIIH,
IpPOTHUBOpEYAIINE caMU cebe, MOCTYJUMpYeT Halla Hayka. A BOT OIpeAesieHHe BaKyyMma
Oosee MpaBOUBO: «BaKyyM — 3TO HIPOCTPAHCTBO, CBOOOJHOE OT BemiecTBa». Crout
YTOUHHUTH: «OT BEUIECTBa» — T.€. OT MPHUBBIYHBIX HaM aTOMOB 3€MHBIX 3JIEMEHTOB H

MOJIEKYJIIPHBIX CTPYKTYP.

COOTBETCTBEHHO, B JAIbHEUIIIEM MPUMEHSIEM TOJBKO MOHATHE BOJIHBI. HO MOCKONBKY
JUTIsl Hee HY)KHA cpella-HOCUTENb, IPUHUMAEM, YTO BaKyyM 3aroyiHeH >gupoM. Tem Oosee
yTo (PU3MKa KaKk Hayka B 3TOM JaeT HaM IOJHOE IMpaBo, MPOCTO HE JOroBapuBas O

CBOICTBAaX BaKyyMma.

Camoe BpeMsl ONpeACNIUThCS, YTO ke Takoe 3(pup M mompoOOBaTh OMPEACIUTH €ro
OCHOBHBIE CBOMCTBa. Haykoil MpUHITO OTpUIIATh €r0 CYIIECTBOBAaHUE, a €CIU U HET, TO
npeHeOperaTh UM, TaK Kak yacTuiia d(upa CIUIIKOM Maja.

[IpencraBum map, COCTOSIIMKA U3 HEKOTO BEIIECTBA. A MOTOM HAYHEM €T0
npobutsk. Jlo Tex mop, moka Kak/1asi 4acTHIla He CTAaHET HACTOJIbKO MEJIKOMU, YTO
ee Hemb3s OyIeT 3aperucTpupoBaTh  HUKAKUMU  npubopamu. OTH
MUKPOCKOTTUYECKUE YACTHUIIBI U €CTh YaCTHUIIbI 2(HUpa — aMephl.

Ho ecim mpeacraButh 0OpaTHYIO ITOCICAOBATEILHOCTH M COOpaTh BCE
pacObUICHHOE BEIIECTBO, €r0 KOJMYECTBO HE U3MEHUTCS. MBI TTOJTy4YHM TOT K€
map B IpekHeM oObeme. Beab pacTBOpeHHOE B IMPOCTPAHCTBE BEIIECTBO

HUKYJ1a HE UCYE3JIO0.

s mpocTOTHl TOHMMAaHWS HaM HE BaXXEH pa3Mep YacTull CTOJIb

MaJIeHbKUX pa3MepoB. HaMm Ba)kHO MmoHUMaTh UX OOIee BO3JCHCTBUE B MaKpO
Mmacimtade. Ilpexae Bcero, ompenendM CBOWCTBA amepa — 3TO CKOPOCTh YaCTHUIIBI U
CBOMCTBO aOCOJIIOTHO YMPYroro Tena, T.K. B MHUHAMAJIBHOM OO0BEME 4YaCTHUIBI HET

BHYTpEHHEH nedopmanuu, Noraomarolie 4acTh SHEPTUH yiapa.



Kacasice mpocTpaHcTBa BOKpPYr Hac, A0OaBiseTcs €Ile OJAMH  MapaMerp — A3TO
IUIOTHOCTD 3Qupa. B utore Mbl MokeM OIpeneauTh TUI SHEPTUH, 3aKII0OUEHHBINA B 3dupe.
BriOupas cuctemy orcuera, IMeeM MPOU3BEEHUE CKOPOCTU HEKOETO 00beMa A(urpa Ha ero

CKOPOCTh. A 3TO B UHCTOM BHUAC KMHCTUYCCKAA DOHCPIU.

MHoOro crnopoB BO3HUKAET C OMNPEIEICHUEM JJIEKTPOHA, YaCTUIA 3TO WJIM BOJHA.
PaccMoTpuM  Hay4yHbIE ONpPEACNICHUS: «IJIEKTPOH — CTaOWIbHASA, OTPULATEIHLHO
3apsbKeHHAs DJIEMEHTApHAS YaCTHUIIA, OJIHA U3 OCHOBHBIX CTPYKTYPHBIX €IMHUIL BEIIECTBAY.
[Ipu 3TOM B 3KCIiepuMEHTax ¢ WHTEPHEPEHIIMOHHONW PEIIETKON OH MpOsBIsAET cels Kak
BojHA. [IpoBegeM aHaIOrMIO C O3KCIEPUMEHTOM €O cBeToM. JlIs  mosrydeHwus
UHTEepPEPEHIIMN Ha JKpaHEe Mbl JOJDKHBI MPOMYCTUTh CBET 4Yepe3 00€ IIeNH PElIeTKH.
«Oco0eHHOCTh Tpope3ell B TOM, YTO UX IIMPUHA NPUOIU3UTEIHLHO paBHA JIJTUHE
BOJIHBI U3JTy4a€MOTO CBETa». AHAJIOTMYHBIM SKCIEPUMEHT C OJMHOYHBIMHU DJICKTPOHAMHU
JTAeT TOT K€ pe3yibTaT. TyT MOIy4daeTcsl MepBOE HEJIOTMYHOE COOBITHE — JJIEKTPOH Kak
YacTUIla MPOXOJUT Yepe3 JBE MPOpPe3Ud OJHOBPEMEHHO, UTO JJISI YaCTUIlbl (PU3UUECKU HE
BO3MOXXHO. B JTaHHOM »J3KCIEpUMEHTE JJIEKTPOH, KOTOPBIM (u3MKa TPEeACTaBIsCT Kak
YacTHUIly, OOpa3ylollyl0 »JJIEKTPOHHYIO OO0OJOYKYy aroMa, M TO, YTO BBUIETACT U3

H3J1ydaTcisd, Ha3bIBACMOC «3JICKTPOHOM» HE UMCIOT HUYCTO O6H_ICFO.

[IpoBeneM cpaBHUTENBHBIN aHalnu3 pa3MmepoB. [IpOoTOH BHyTpM aromMa 3aHUMaET
MUJUTHApPAHBIE J0JM OT Bcero oObema, a dJEKTpOH elmie MeHbine, modytu B 2000 pas.
MuHUManbHBIN pa3Mep Tpope3u Jisi UHTEPPEPEHIINH, KOTOPBIA MOXHO CIeNaTh — OJIUH
aToMapHbIi ciou. [Tpy 3TOM eciii cuuTaTh, 4TO C AHOJA BBUIECTAIOT AaTOMAPHBIE BJICKTPOHBI,
MX pa3Mep He COMOCTABMMO MaJj MO CPAaBHEHUIO C MPOPE3BI0, U B TAKOM CIIy4ae HEBAXKHO,
KaKO€ KOJIMYECTBO DJIEKTPOHOB MBI INPOIMYCTHM M 32 KAaKOM IMPOMEXKYTOK BPEMEHU —
uHtepdepeniuu He OyaeT. MBI ke B X0JIe DKCIIEpUMEHTa UMeeM O0OpaTHOe, a JJisi ITOTro
pa3Mep JETAIIETO «IIEKTPOHA» JOJDKEH MEePeKphITh 00€ mpope3u. Camu Mpopes3u Mo CBOeH
CYyTH SIBJISIFOTCSI TIOJISIPU3aTOPOM M OTCEKAIOT MOMEPEYHYIO COCTABISIOUIYIO «IJIEKTPOHA»
(monHast aHayorusi co cBeToM). JlanpHelee 1eTeKTUPOBAHUE TI0JIETA «AJIEKTPOHA» MEXKIY
pEIIeTKOM W 3KpaHOM SIBISIETCS TPyOEHMIIUM HapylmIeHHEM YHCTOThI 3KcrmepuMeHTa. K

MNpUMEPY, ACTCKTUPOBAHUC JIA3CPHBIM JTYy4OM CHOBA I[O6aBI/IT IMOMNCPCUYHYIO COCTABJIAIOIIYTO,



HpOI/I3OI>’IIIeT CKPpYYHBAaHHUC HpO}IOJ’IBHOﬁ 151 HOHGpeLIHOﬁ COCTAaBJHAOIINX BOJIH, U 3KpaH HC

OyzeT puKcHUpoBaTh HHTEPPEPEHIUH.

B npyrux skcrnepuMeHTax IpH CTOJKHOBEHHHM JJIEKTpOHA M (POTOHA MPOUCXOAUT
pacceMBaHUE OJHOM W3 «YaCTUI» C MEHbIIEH KUHETUYECKOW 3HEepruer. Tak aaBauTe
3aaauM cebe BOMpoC: Kak To, 4YTO (PU3MKa HaA3BIBACT JJIEMEHTAPHBIMH YaCTHUIIAMU,
pacrajaercsi, MOJIIpU3yeTCs WM paccerBaeTcsi? A MOXKET, 3TO BOBCE HE AJIEMEHTApPHbIC

yactulibl? M Ha 4TO OHM pacnagaroTcs?

W3 onpeneneHust 3I€KTpOHA OCTAIOCH pa3o0paTh «OTPULATENBHO 3apsiKeHHas». Bo-
NEPBBIX, B (PU3UKE HET ONpEAENICHUS MapaMeTpy «3apsia», a BO BTOPBIX B IPUPOJEC HET
HUYEro OTpuuaTenbHOro. OTpUIATENBHOCTh — 3TO MaTeMaTHUYecKoe OOOCHOBaHUE,
CBA3aHHOE C BHIOOPOM TOYKH OTCYETA B OTHOCUTENIBHON cucTteMe KoopauHat. K mpumepy,
TeMIeparypa, IaBl€HHE, YacToTa, JUIMHA M JIp. HE MOTYT OBITh OTpPULATEIbHBIMHU.
[IpumeHsieMble HAMU OTpHILATENIbHBIE MapaMeTPbl CBUAETEIBCTBYIOT O CMEIICHUH TOYKU

OTCU€eTa Ha MOJIOKUTEJIbHOM MOJIyOCH B BRIOPAaHHOM cHCTeMe KOOPAMHAT.

Teneps paccMOTPHUM UTO K€ TAKOE «3aps» Ha aHAJIOTMYHOM MPUMEPE BBUIETAIOIIMX
JIEKTPOHOB. Y HAC €CTh JABE IYJH, pe3MHOBas M CBHHIOBas. Ha cuny yaapa B MHUIIEHb
OyAeT BIUATH TOJBKO CKOPOCTh MYJIM M MaTepuall U3 KOTOPOrO OHa CJelaHa, T.e. €€
IJIOTHOCTh. [IpUMeEHsiE 3TO K 3MEKTPOHY KaK K YacTUIE, Mbl BUAUM TO K€ CaMOE —
HaJINYWE€ KUHETUYECKOU SHEPIrUM BO3MOKHO IPU HAJIWYUKM MPOJOJBHOW M MHONEPEYHOMU
COCTAaBJISIIOLIEH BOJTHOBOTO MPOLIECCa, T.€. TOJIBKO B Clydae MJIOTHOCTHOTO CKpy4YuBaHus. B
CBOIO OYepeJlb KHHETUYECKas YHEPrusi HUKOUM 00pa3oM HE MOXKET ObITh OTPUIIATEIbHOM.
CkpyurBaHU€ ABYX IUIOCKOCTEH MPHUBOJIUT K OOPAa30BaHUIO €IMHCTBEHHO YCTOWYHBOTO BO
BCENEHHON oOpa3zoBanusi — Topa! Takum o0pa3om, TOJABKO TOp U3 »dupa Oyner
YIOBJIETBOPATH BCEM pe3yjbTaTaM 3KCIEPUMEHTOB CBSI3aHHBIX C «3JEMEHTapHBIMU
yacTuliaMu». B uTore mMbl BUIUM, YTO CTaHJAPTHOE (PU3NYECKOE ONMpPEETICHHUE IJIEKTpOHA

— 3T0 HaOOp CJIOB MPOTUBOPEYAILIUX APYT APYTY B PU3UUECKOM CMBICIIE.

ITo CYTH, JBJICKTPOH — 3TO BHUXPEBOC O6J'IaKO, HaBOAMMOC IMPOTOHOM, H ABJSACTCSA €TI0

HEOThEMJIEMOM YacThlO. Ero CymeCTBOBAHHUC O6yCJ'IOBJ'ICHO TOJIBKO HaJIM4YHWEM IIPOTOHA,



KOTOPBIN MOJACPKUBAET d3PUPHBIA BUXPh BOKPYT €€0s1, OTAECIBHO AJIEKTPOH CYIIECTBOBATH
HE MOXET. B 3JIEKTpOTEXHUKE HYKHO NPUMEHATh HE TMOHSTHUE DJIEKTPOHA, a IOHATHE

INIOTHOCTHOT'O BUXPA.

HOI[BOI[?I HUTOI' KpPATKOIO JIOTMYCCKOI'O PaCCYXKACHUS: KHHCTHUUYCCKAsA OHCPIUA
CHHHCTBGHHBIﬁ BUO OHCPIrUU BO BCEJICHHOM. HOJ'Iy‘-ICHI/Ie OHCPIUKU W3 C-)dng& BO3MOJXHO
ABYMS CII0CO0aMM: CTOJIKHOBEHHEM BUXPCBLIX IIOTOKOB M _PC30HAHCHBIM YCKOPCHUCM

IIPOAOJIbHOM Y MONEPEYHON COCTABISIOIIEN BUXPSL.
PaccMoTpuM OCHOBHBIE 3JIEMEHTHI U MPOIIECCHI BUXPEBOM 3PUPOTMHAMUKH.

[Ipexxne Bcero, pasaenseM MOHSATHUS HaIPsDKEHUST W 3JIEKTPUYECKUM TOK. Bceem
3HAKOMbI (DOPMYJIIMPOBKU «IIPOBOJ TOJI HAMPSDKEHUEM» U «CTATUYECKOE HAMpPsHKEHUE».
BriBog HampammBaeTcsi caM cOOOM, HalpsKEHUE MOXKET CYIIECTBOBAaTh 0€3 TOKa, a BOT
AIEKTPUYECKUN TOK HE MOXKET BO3HUKHYThH 0€3 HamnpsKeHUs. OTO O3HA4aeT, 4To
HaNpsHDKEHUE HE  SIBISIETCS]  XAPAKTEPUCTUKOM DJIEKTPUYECKOrO TOKA, ATO COBEPIICHHO
HE3aBUCUMBIN du3nueckuii mpoiecc. BTopoe mnonarBepxkaeHue 3TOMYy — CKOPOCTU
pacnpocTtpaHeHus. g TOKa 3TO CKOPOCTh cBeTa  (AOCTUraeTcss TOJbKO B
CBEPXMPOBOJAHUKAX, B TIPOBOJIE MPU OOBIYHBIX YCIOBUSX — OHA HUXKE), @ BOT HANPSIKEHUE
B 36MHBIX YCJIOBUSX PAaCIPOCTPAHSETCS MIHOBEHHO. lIpocTenmmm npuMepom sBiIseTCs
CUHXPOHM3AIMSI BCEX JJICKTPOCTAHIMK, COCIMHEHHBIX B OJIHY JJIEKTPUYECKYHIO LEMNb IO
daze. [Ipu sToM uyHA TPOBOAOB HE yuuThIBaeTcs. Ecmu Obl CKOPOCTH pacipoCTpaHEHUS
HaIpsDKEHUS HEe TIPEBBIIIaia CKOPOCTh CBETA, TaKass CHHXPOHU3AIUS cTajla Obl MPaKTUYECKU

HEBO3MOKHOM.

DJIEKTPUYECKUM TOKOM SIBJISIETCS TIOCIEACTBUE yIapa IMPOIAOJBHON COCTABISAIOLICH
BUXPs B MOJIEKYJSIPHYIO CTPYKTYPY BemecTBa. VIMEHHO 3TO BO3IEHCTBHE YBEIMYHMBAECT
KOJIeOaHUSI MOJIEKYJIIPHOM CTPYKTYpBI BEIIECTBA, YTO O0YCIaBIMBACT HarpeB, CBEUCHUE U
ap. CTOUT OTMETUTh, UTO MOJIEKYJISIPHASI CTPYKTypa MPAKTUYECKHA HE MOTJIONIAET YHEPTHUIO
IPOAOIBLHOTO TIOTOKA, @ BCEro JIMINb YBJEKAeTCA 3a KoJeOaHusMH IUIOTHOCTH. Jlnis
CPaBHEHMsSI MOJKEM MPEACTABUTH HATSIHYTYI0 BOJEHOONBHYI0 CETKYy B KauecTBe

MOJIEKYJIIPHON CTPYKTYpbI, a MOTOK BeTpa Kak moTok s¢upa. Co3gaTh JOCTATOUHBIE
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KOJIe0aHUsI CETHM MOXXHO TOJBKO CHJIbBHBIM IIOTOKOM BETpa, HO NpPU 3TOM IOIJIOLICHHE
DHEPruM MoToka npaktuyecku He npoucxoauT. O KIIJ[ mpumeHseMbIX HaMU YCTpPOMCTB
BBIBOJI MOJKETE CJeJaThb CaMH, B OCOOEHHOCTH, €CIM 3TO CHHUPAJbHbIE TIHBI M JIAMIIBI
HakaimBaHus. llepernyckas SHEpru0 BUXPS OT IUIKOCa» K «MHHYCY» 4Y€pe3 Harpy3Ky, Mbl

IMPOCTO 3aMbIKaA€M MCTOYHHK CaM Ha 06691, HCIIOJIb3YsI HUYTOXHYIO OOJIIO €TO OHCPIUU.

Hocutenem sHeprum SBISICTCS TOPOHUIATBHBIN INIOTHOCTHON BUXPb, YACPKUBACMBIN
WCTOYHUKOM MHUTaHU. [IpOCThIM pUMepOM SBIISICTCS 3apsKEHHBIA KOHIEHCATOP, KOTOPHIi
SBJISETCSI  MOTEHUHUAIbHBIM  HCTOYHUKOM  JJIEKTPOdHEpPrur. MHOXKECTBO  BUXpeEH
HaXOJISIIINXCS MEXKTY TJIaCTUHAMH KOHJIEHCAaTOpa 00pa3yroT OOIIyI0 BUXPEBYIO CTPYKTYPY.
Uem ux OoJibliie, TeM 0OJIbIIE MPOUCXOAUT 00Iee UX CKpYYHBaHUE, YBEIMUCHUE JUaMETpa
U, COOTBETCTBEHHO, POCT HampsikeHus. PaccrosiHue Mexay IIacTUHAMU OTpaHUYMBaET

MaKCHUMAaJILHBIN AUaMCTP BUXPA. M MBI Kak pas3 noAXO0AUM K OIIPCACICHNIO HAIIPAKCHUS.

Bce goctatouHo npocTo: HapsSKEHUE — ATO paanyc BUXps. IMEHHO 3TO MBI BUIUM
Ha 110001 OCHMIIIIOrPaMME, U MOYKEM JIETKO MPEACTABIATh, YTO B PEAIbHOCTH MPOUCXOINT,

K IPUMEDPY, B UCCIIETyEMOMN KaTyIIIKE.

Ho npexne yem mepeiTy K KaTylIkam, HY»KHO pa3o0paThcs ¢ GyHIaMEHTAIbHBIM —
B3aMMOJICHCTBUEM JBYX HPOBOJHHUKOB. PaccmoTpum 3akoH AwmIiiepa W HPUUYUHBI
BO3HUKHOBEHUS CWJIbl MPUTSDKEHUS JUOO OTTAJIKUBAHUS MPOBOJHUKOB C TOKOM. « M3

3aKOHa Amnepa CIIENYET, 4TO
rapasuiesIbHbIE MPOBOJHUKH C AIEKTPUUECKUMHU
TOKaMM, TEKYIIMMM B OJIHOM HaIlpaBJICHUH,
MPUTSITUBAKOTCS, a B  IMPOTUBOMNOJIOKHBIX —
OTTAJIKUBAIOTCS. 910 B3aMMO/JICHCTBUE
ONMHCHIBaCTCS (DU3UKOW KaK BO3JICWCTBHE OJHOTO TPOBOJHUKA C TOKOM Ha BHYTPEHHUI
00BeM Jpyroro, 4to, B OOIIEM, HE TOBOPUT O NMPHUUYMHE B3aUMOJEHCTBUS, a TOPOXKIACT
JIMIIIb HOBBIE BOMPOCHI. ECIIM 3JIEKTPUUYECKU TOK TEYET MO MOBEPXHOCTH MPOBOJHHUKA, a
«MarHUTHOE TI0JIe» PACIPOCTPAHSETCS] BOKPYT HETO, TO MPU Ye€M TYT BHYTPEHHUU O0BEM
npoBoaa? C TOUYKH ke 3peHust FOPUPOJUHAMHUKHU BCE DJIEMEHTApHO 00BscHseTcs. [Ipunumast,

YTO _HAIIPAKCHUC, OTO IMOIMEPEYHAsA COCTABJIAOIIAA BHUXPA, MMCHHO OHO OIIPCACIIACT
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paanyc B3aUMOACUCTBUS. TOK — ATO NpOJ0dbHAS COCTABISAIONIAS, KIKYEBBIM (haKTOPOM

KOTO[ZOﬁ ABJISACTCA IJIOTHOCTB, & B PC3YJILTATC Mbl KMCEM B3aHMOJICHCTBUEC ABYX BUXPCBbIX

IIOTOKOB.

[Tpu mpoxo’kIeHNH TOKAa B OJHOM HAMpPaBIICHUH, BUXPEBHIE
MOTOKA OOBEIUHSIOTCS B OAMH OOMMA BOKPYT JABYX
MIPOBOJTHUKOB, a MEXAY HUMH oOpasyercs o01acTh 3(UPHOTO
paspexeHusi. BuenmHee naBneHue 3gpupa CTpEeMHUTCST BAABUTH HX
K IEHTPY, NpPOBOJA «IPUTATUBAIOTCS», a B PEAIBHOCTH —

MIPUTAIKUBAIOTCS !

[Ipy nDpoxXokAEHUUM TOKAa B pa3HbIX HaIPaBICHUIX

BUXPEBbIE MOTOKU CTAKMBAIOTCS, 00pa3ys Mexay coOoi 30HY

MOBBIIIEHHON IJIOTHOCTH, BCJEACTBHE Yero HaOI0JaeTcs

«OTTAJIKUBAHME», & €CJIU MPABUIILHO CKa3aTh pacTajkuBaHue. CTOUT 0COO0 OTMETUTh, YTO
MJIOTHOCTH d(pUpa B ATOM cliydae MEXIy MPOBOJHUKOB MPEBBIIIAET TOKOBYIO IJIOTHOCTD, a
TO, HACKOJIbKO OoJbllie OyAeT H5TO YBEJIMYEHHE, 3aBUCUT TOJBKO OT CHJIBI TOKa B
MPOBOJAHUKAX. TaKkXe CTOUT MOHUMATh, YTO ATO B3aUMOJICUCTBHE MPOBOJHUKOB C TOKOM U
cpeabl, a HE WX B3aUMOJCHCTBUE Mexay coOoi! VIMEeHHO NPUHIKIT CTOJKHOBEHUS
MOJIO’)KEH B OCHOBY IPAKTUYECKH BCEX T'€HEPATOPOB AJIEKTPOIHEPTHM MPUMEHSEMBIX HA

TEKYIIHN MOMEHT.

[IpocToe moOKa3aTelbCTBO JTOTO — 3aTyXawlUui KojebaTeabHbIH Ipoliecc,
dbuxcupyemsplil ocuwiorpaoM mocie OTKIOYEHUs] MUTaHUS OT MPOBOAHUKOB. TOT ke
poIIecC MPOUCXOIUT B JIF0OOW KaTymike. B ¢u3nke oH Ha3BaH CaMOWHIYKITMEH U SIKOOBI
CBSI3aH C TOKOM, MPOTEKAIOIKUM B KOHType. IIpoBeaeM MBICIEHHBIA 3KCIEPUMEHT MJIst
WCCJIENOBaHMUs JaHHOTO Tiporiecca. Bo3zpMmem o0yt karymky (0e3 cepiedyHuka) u
MOJAJIUM Ha HEE MOCTOSIHHOE HamnpsbkeHue. [lonyunm snekrpomarnHur. pyrumu ciioBamu
MBI CO3/1aJId BUXPbh BOKPYT KAaTYyIIKUA. Tenepb MOCTaBUM «IMay3y BO BPEMEHWY, OTKIIOUUM
IMUTAHWE U OTOABMHEM KATYIIKY B CTOpPOHY. [loayduM TOpOMIAIbHBIA BUXPb, BUCSIIUNA B
MPOCTPAHCTBE TaM, IJl€ HAXOAWIACh KATyIIKa, U COOCTBEHHO camMy KaTyIIKy, CTOSIIYIO B

cropoHe. Temepp, e€cilii CHUMEM «BPEMEHHYIO Iay3y», TO HHMKAKOW CAMOMHAYKLHH B
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KaTylmkEe HC€ BO3HHUKHCT, T.K. BCC IIPOLHECChl HMHAYKIOHWHW CBA3aHbl HWCKIIOYHUTCIIBHO C

BO30Y)KJICHHEM CpEJIbl BOKPYT U HUKOMM 00pa3oM HE ¢ caMOi WHAYKTHBHOCTBIO.

BTopoii 1poCTOM  ONBIT, MOKA3bIBAIOIIMK _OTCYTCTBHUE CBSI3U _ MEX TOKOM
IPOTEKAIONIUM B KOHTYPE M CAMOMHAYKIIMEH KaTyImKH. Bo3pbMeM ImIockyro OuduispHyro
KaTYIIKy ¥ 4epe3 OJIMH U3 MPOBOJIOB MPOITYCTUM UMITYJIbC TOKA. 3amepsisi ocruiuiorpadom,
MOXHO YBHUJETh, UTO KOJI€OATETHHBIN MPOIECC MPAKTUICCKUA OJMHAKOBBIN JIJIST KKIO0W U3
WHIYKTUBHOCTEH, XOTS BO BTOPOIl TOKa HE ObLI0. DTO ellle pa3 MOATBEPKIaeT, YTo Jito0as

HNHAYKTHUBHOCTD B3aHMOﬂ€ﬁCTBy€T TOJIBKO C OKpPYXKarominum 3(1)I/IpOM. Hoquy HUMCHHO C

3pupoM, a He MarHUTHbIMU TOSIMU? «MarHuTHOE IOJe», 3TO B KOPHE HEBEPHOE
omnpeneiaeHne, T.K. OHO TIO0JIpa3yMEBaeT TOJbKO BOJHOBBIE TMPOIIECCHl 0e3 TMepeHoca

«MAacCChl», HO IIPU 3TOM B PEAIBHOCTU OHO IPOSBIACT MHEPLHIO, YTO HE CBOWCTBEHHO
BOJHOBBIM 1npoueccam. [IpocteiMm npumepom ssisercst cHwkenue KIIJ[ aBurarenenn u
TE€HEpaTOpOB HA IMOCTOSHHBIX MAarHUTax C yBEJIUYEHHUEM OOOpOTOB, €CIU OHHU
pacnonaralorca Ha potope. OCOOEHHO CHWIBHO JTO MPOSBISETCS HPHU YEpelOBAHUU
IIOJIFOCOB MarHuToB. Ho eciim NpHUHATH YTO «MarHUTHOE MOJIE», 9TO MOTOK 3(upa, TO BCE

Cpa3y CTAaHOBUTCA HAa CBOU MCCTa.

Ecin BHUMATEIbHO PacCMOTPETh KOHCTPYKIHMIO HHIYKTUBHOCTEN, TO Mbl BUIUM, 4YTO
NPUHIKAN pabOThl OCHOBAH Ha IMPOMYCKAaHWHM TOKA MO MapaieIbHBIM MPOBOJAM B OIHY
cropony. Kak ciencrue, rnpu paboTe MHAYKTUBHOCTH MEXKJY IIPOBOIAMU 00pa3yeTcsl 30Ha
HU3KOW TUIOTHOCTH, a BOKPYT CE€YeHHSI OOMOTKH ITMPKYIUPYET OCHOBHOM mOTOK. Ecim xe

IMOJIOBMHA BUTKOB MHAYKTHUBHOCTH 6Y}I€T HaMOTaHa B OAHY CTOPOHY, a BTOpasd IIOJIOBHHA B

Ipyrylo, TO JaHHas OOMOTKa MpeBpaTUTCS B €MKOCTb. Eciam pa3zoOpaThCs, TO Kpome
IIPOLIECCOB BUXPEBOIO YCKOPEHUS IONEPEYHON COCTABJSIOIIECH BUXPS (HANpPSOKEHUS) U
CTOJIKHOBEHHSI TPOJAOJIBHOrO IMOTOKA (IJIOTHOCTH) € OOpa30BaHUEM €MKOCTH, APYTHX

KOMILUIEKCHBIX BAPUAHTOB HE CYIIECTBYET.

Bcero nBa BuXpEBBIX mporecca (M uX KOMOMHAIIMHM) OOVCIABJIMBAKOT BCE
pazHooOpasue BOKPYr Hac. TOJIbKO TOHWMAs TMPUHIIMIIEI BUXPEBOW 3()HUpOAMHAMUKH,

0T6pOCI/IB BCC «IIOCTYJIaTbD», BOBMOXHO ABHIKCHHUC BIICPC.
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Janee nepenieM K TEOPETUUYECKO-PAKTHYECKONU YacTh. [IoCKONIBKY B Ipupoae KpoMe
€MKOCTEe M MHAYKTUBHOCTEH HUYErO0 HE CYHIECTBYET, pACCMOTPUM HUX OCHOBHBIE (CaMble

MPOCTHIE) PA3HOBUIHOCTH U KOMOMHAIUH.

[Ipumensis CTaHJIAPTHBIC KOHJIEHCATOPBI, MBI

OrpaHUYMBacM ceOs B HKIIMOHAJIC JIAaHHOT'O YCTPOMCTBA.

[Ipexxne Bcero, Mbl HE MCIOJIb3YEM WHIYKTUBHOCTH BUXPS

BHYTPU _ OOKJIAJIOK, a TOPUMEHsAs.  OOJBIIYIO  IJIOUIAIb

IIOBEPXHOCTH 00KJIaJIOK, HCUYE3aeT IJIaBHOE —

MHEPIIMOHHOCTh BHXPEBBIX MpPOIeccoB, Tak Kak HMEHHO

HHEPIIMOHHOCTh — TPHYMHA aBTOKOJICOAHHMM, a 3TO Ta JHEPIHs, KOTOPYIO JH0OE3HO
IPEIOCTABISACT Cpeia. 3aMEeHssl CTaHAAPTHBIA KOHJIECHCATOP Ha MEXKIIPOBOIHYIO €MKOCTh
onduisapa, moJiyyaeM BbICOKOYACTOTHBIN PE30HAHCHBINA KoHAeHcaTop. Ilpuuem, Giaronaps
E€MKOCTHOW WMHJIYKTHBHOCTH, BUXPEBOE CKPYUYMBAHUE 3HAYUTEIBLHO YCHJIMBACT aMILIUTYIY
KoJieOaHui eMKoCTH. Takasi eMKOCTh MMEET OYCHb IIMPOKUN PE30HAHCHBIM JMAaNa3oH, Ha
dbepputoBbix cepaeunukax 1-3xl'm, a Ha «Bo3myxe» yerko pocruraer 100-150kl'i! Crour

€Ill€ YYUTHIBATh, YTO MPU YBEIWUYCHUU HAIPSIKEHUS aBTOKOJEOAHUM, MPOMOPIIMOHAIBHO
pacTeT M €MKOCTh JaHHOTO KoHjJeHcaTopa. boiiee 3P(EeKTUBHOM €MKOCTBIO SIBISETCS
00MOTKa, TTPOBOJT KOTOPOM COCTOUT W3 YETHIPEX MEPEBUTHIX M30JUPOBAHHBIX KUJI. B sTOM
Clydyae YCTpPAHSETCS HENOCTATOK JBOMHOIO TMPOBOJIa — pPACCEMBAHUE EMKOCTH B

MEPIECHAUKYJISIPHOMN TIIIOCKOCTH.

B JIPEBHECIIaBSIHCKUX UCTOYHUKAX
OpUCYTCTBYEeT  M300pakeHue  emie  Oojee

3 PEKTHBHOTO CO3/TaHUS EMKOCTH M3 IPOBOJIA.

Pa3 yx KOCHyIMCh Hallel BBICOKOPA3BUTOU
JPEBHOCTH, CpaBHUTE SAIMK Byna m nosbMeHbl. OTO
JIBa a0COJIIOTHO OJMHAKOBBIX YCTPOMCTBA IO CBOEMY
byHKIIMOHATY. Ob6a MIPEJICTaBISIOT co0oif

HU3KOYAaCTOTHYIO PE30HaHCHYIO Kamepy,

e [ yg——

dbopMHpPYIONTYI0 TOP HA BhIXOjAE. M OmsATh MBI BUIUM TOJBKO JIBa AJIEMEHTA B TIPHUHIIUIIC
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pa6OTBI: CMKOCTb KaMCpbl U CKPYUHMBAHUC IMOTOKOB OTPAKCHHBIX OT CTCHOK. HCpGBOI[}I Ha
SA3BIK JJICKTPHUYCCTBA ITO MEKOOMOTOYHAS CMKOCTB,

CKpy4unBacMas €MKOCTHOM HHAYKTHUBHOCTBIO.

3By‘II/IT, KOHCYHO, HCIPUBBIYHO, HO 3TO TOJIBKO
IIOTOMY, 4YTO HAC 3TOMY HC y4MWJ]IM, 4 TO YCMY YUMUIIH,

OTPa’KaeT TOJBKO MOJIOBUHY (PU3NYECKUX ITPOLIECCOB.

[ToctenenHo npubIMKasICh K CIOCO0Y MOTyUEHUs

sHeprun »¢upa, pPacCMOTPUM MPUHLUII CO3AAHUS

MeXK00MOTOUYHON eMKOCTH. [IpocThiM mpumepoM siBIsSeTCS OOBIUHBIA TpaHcPOpMaTop.
OOpaTuTe BHUMaHUE Ha H300paKEHUE CEPACUYHUKA, 3TO HUMEHHO €MKOCTb! OHeprus
KOJIeOATEeIbHOIO KOHTYypa NEPBUYHOM OOMOTKH MEPEXOIUT B

HaMarHMYEHHOCTh MaTepuaa CEPIACUYHHKA, a B CIIy4ae C CETEBBIMU

TpaHcpopmaTopamu MBI MMEEM 50-tn TEPLOBBIN,

O€3bIHEPLIMOHHBIA  PE30HAHCHBIM KOHTYp. Tak Kak MeTaill

OpaKTHYECKU He 00JajaeT MHepuuel nepeMarHuyuBaHus,

HaIpsSKEHUE HA BBIXOJE HE CHUJIBHO OTIIMYAETCS OT «PAaCYETHOTO».

B3aunmogeiicTBue ke BTOPUYHOM OOMOTKM M BCE BIUSHUS OOMOTOK JpYyr Ha Jpyra

IMPOUCXOIAT TOJIBKO 4CPC3 3TY CMKOCTD.

Ho cHuMaTh TakuM METOJ0M SHEPIHI0 BO BTOPUYHYIO OOMOTKY 3HAYUT OTKA3aThCsl OT
YBEIIMYCHHUSI €€ MOIIHOCTH 3a CYET CAMONPOMU3BOJIBLHOIO CKPYYHMBAaHUS, KOTOPOE MOKET
MPOMCXOAUTh ONATh K€ TOJBKO B €MKOCTU. I[IpumeHsas Bo

BTOPHUYHON OOMOTKE MEKOOMOTOYHOM EMKOCTH, MBI IPHXOIUM K

OIHOMY W3 IPUHLMIOB (POPMUPOBAHUSA PHEPIUM — CTOJKHOBEHHE MOTOKOB. [Ipm sTom
UJET pa3lieJiecHue €MKOCTEH MEePBUYHONW M BTOPUYHOW OOMOTOK. CTOUT YYUTHIBATH TOT
(baKT, 9TO0 €MKOCTh BTOPUYHON OOMOTKH 3aBHCHUT HE TOJBKO OT IUIOIIAAX MOBEPXHOCTEH
00MOTOK, a €Ill¢ U OT 3aKOJbIIOBAHHOCTH €MKOCTU, U OT CHJIBI TOKa B oOMoTKax. [loaTomy
TpaHCHOPMATOP MO CBOCH CYTH JOHKEH OBITh MOHIKAIOIINM JIJII BCTPEUYHON E€MKOCTH,
100 BOOOIIE UMETh OJIMH BUTOK BO BTOPUYHOU 0OMOTKE. IIpu 3TOM HEOOX0MMO CO31aTh

OOJBITYI0 MEKOOMOTOYHYIO €MKOCTh U3 OJTHOTO BHUTKA. 3BYYUT HECKOJIBKO HEJIOTHYHO, HO
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JaHHasl 3aj]aya pellaeTcs NPUMEHEHHUEM OObEeMHOW OpraHu3aldd B KOHCTPYKTHBHOM
UCTIOJTHEHUH JaHHOTO BUTKA. OH JOJKEH COCTOSITh U3 JBYX BHUTKOB BJIOKEHHBIX OJMH
BHYTpH Jpyroro. Ha kadectBo ero paboThl OyAeT BIMATh
napajiyieIbHOCTh MPOBOJIOB, M3 KOTOPBIX CHEJIaH BHUTOK.
@DaKTUYECKH 3TO TOJYyYaeTCsi EMKOCTHOW KOJUIEKTOp,
KOTOpPBI HE JOJDKEH pearupoBaTh Ha IONEPEUHYIO
IUIOCKOCTh. B menTtpe Haxomsarcs 19 HM301MpOBaHHBIX
MPOBOJAOB, TOKPBITHIX OOIUM CcloeM u3osuu  (Ha
PUCYHKE TIOKa3aHO (PUOJIETOBBIM) JUIsi HEOOJBIIIOTO
YBEIIMYCHUS TUaMETpa, 9TOObI CBEpXY BMECTHIIOCH TOXKE
19. D10 OueHb BaXKHBI MOMEHT, TaK KaK MPU pa3HbIX KOJIMUECTBAX HE OyAeT cOOJIt01aThCs
BUXpEBasi cuMMeTpusi eMKOcTH. C OJHOTO TOpIia BCE KHIIBI COCIUHSIOTCS BMECTE, a C
JIPYroro — JeNalTcs JBa BBIBOJA OT IIEHTPAJIBHOM W OT BHEIIHEH OOMOTOK BHTKA.
EctecTBeHHO, MOKHO TPOOOBATH U OOJI€E MPOCTHIE BAPUAHTHI, HAIIPUMEDP ¢ MHOTOKUIIBHBIM
kabenem. Jlnsg chema DSHEPTUHM C TAaKOTO KOJUIEKTOpa HEOOXOAMMO BKIIIOUATh €ro
napajuleIbHO Harpys3ke, jKeJlaTeIbHO B KOHTYpe ¢ OOMOTKaMH, HE UMEIOIIMMH MPOTUBO-

O/1C no HanpsKEHUIO.

PaccmoTpum  mpuMeHeHME PE30HAHCHOM E€MKOCTH BMECTO
00BIYHOM B KOHTYpE. {7151 3TOro Hy»KHO 3aMEHUTH OOBIYHYI0 EMKOCTh
Ha aBTOKoJyieOaTenbHyt0. M3MepeHre MEeXIPOBOJHONH E€MKOCTH 0
HaMOTKHU (M MOCJI€) MOXHO MPHUHATH TOJIBKO KAaK CTAaTUCTUYECKUE
JaHHbIE, TaK Kak MpPU POCTEC AaMIUIUTYIbl KoJIeOaHUN BHYTpHU
KOHTYpa, pacTeT U cama €MKOCTb. BO MHOTMX CllydasiX OKa3bIBaeTCS
JOCTaTOYHBIM ~ CcOOMOCTH  JIMHBI  TipoBojoB  LC  KOHTYypa,

JTAJbHEUIIYI0O BUXPEBYIO CHHXPOHHM3AIMIO YCTPOMCTBO BBIMOJHUT camo. QOOpartute

BHUMaHHE Ha TO, YTO IUIOCKOCTH aBTOKOJIEOATEIbHOW EMKOCTH TMEPICHINKYIIpPHA
MHIYKTUBHOCTH!

B cnydae pasmenieHuss ux B OJHOM IUIOCKOCTH, €€ HEJb3s

HUCIIOJIB30BaTh AJIA 00MOTOK CbE€Ma, HO MOXHO IIPHUMCHHUTBL IJIAd
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CBEPXCWJIBHOTO ycWJieHUs Tekyuleil. OOpaTuTe BHUMaHUE, BCE 4YEThIpe OOMOTKHU
BBITIOJTHEHBI B BUJIE OJTHOTO YETHIPEXKUIBHOTO MEPEKPYUCHHOTO MPOBOJIAa, KOTOPHIM BCE U
HamMatbIBaeTcs. B 3ToM ciydae Bce MHAYKTUBHOCTH UMEIOT OJIHY JIJIUHY, IUIIOC K 3TOMY BCE.
MexX0OMOTOYHBIE EMKOCTU TaK)Ke PaBHbI. byabTe OCTOPOKHBI, MMKOBBIM PE30HAHC TAKOTO
KOHTypa MOXET JieTKO nocturath ycuieHus B 400-500 pa3 ot 6a30BOT0 HaMpsHKEHUS, U C

JICTKOCTBIO COJKIKCT U3MCPUTCIIBHLBIC HpI/I60pI>I!

AHaJIOTUYHBIM oOpazom BKJIFOYAETCS YIpaBJICHHUE
MEXOOMOTOYHOM €MKOCTBIO. 3ajada COCTOUT B TOM, YTOOBI

yacToTa OOMOTKH MOIYIATOpA Ha HCYHKC HEC IIOKa3aHa

coBIMajaja C YacCTOTHBIM JIMAaNa30HOM MaKCHUMAJIbHOI'O YCHUJICHUS
aBTOKoJie0aTeIbHONM eMKOoCTH. Harpyska moJakiaroyaercst MpsMo K
KOJUIGKTOPHOM _emKocTu. HacTpoeHHas TakuM o0Opa3oM cxema
SIBIISIETCSL IOJIHOCTBIO aBTOMATHYECKOM, a TOKOBAas COCTAaBJISIOIIAS
KOJIJIEKTOPHOM €MKOCTHU BCErId HAXOAMTCs B (Da3e ¢ HANPIKEHUEM
aBTOKO0JICOATEILHOM ~€MKOCTH. B~ TakoM  [pocTOM  HCHOJHEHUH AP GHEKTUBHOCTE
JIBYXIIJIOCKOCTHOI'O _BUXPEBOT'O KOHTYpA MPONOPIIMOHATBLHA YacTOTe ero paboThl, C
YBEIWYEHUEM YaCTOThl MOIITHOCThL YCTPONUCTBA IPOMOPIMOHAIBEHO BO3PACTAET.

HemHo)xk0 KocHych mpepbiBateneil snektpouenu. CambiMu 3 (EKTHUBHBIMU
ABJIAIOTCS. 0€3BEMKOCTHBIE MEXaHWYECKHE, TAaKUE€ KaK T€PKOHbI M JIIOObIE IpYrue BUIbI
HU3KOBOJIbTHBIX KOMMYTaTOPOB, HEJIOCTATOK MOHATEH — MeXxaHuka. [lepBuunas oOMoTKa,
KOMMYTUpPYEMasi BAKYyMHBIM Pa3psIHUKOM, TAK)KE HE SBISETCS MJI€aJbHBIM BapHAHTOM.
CrouT y4yuTHIBaTH BBICOKME HANpsDKEHUE Ui €€ paboThl M CUJIbHBIE MYJIbCAllUU B
IIPOCTPAHCTBE PSJIOM C YCTAaHOBKOM, KOTOPBIE Pa3pyILIUTEIbHO BIMSIOT Ha OMOJIOTHYECKHE
00BbeKThI. TPaH3UCTOPHI TOJBKO YACTUYHO PEIIAIOT ATY MPOOJIEMY, T.K. 00JIaJal0T CIUIIKOM

OOJBINION E€MKOCTBIO OMHTTEP-KOJUIGKTOP, W HMEIOT JOCTaTOYHO OOJBIIOE BpeMs

Cpa6aTBIBaHI/ISI. B uneane HYIXCH TPaH3HUCTOP C MUHUMaJILHOU CMKOCTBHO, MAKCUMAJIbHBIM
HApsHKCHUEM KOJJICKTOP-OMUTTCP, U MUHUMAJIbHBIM BPDEMCHCM C[Qa6aTBIBaHI/IH.
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Hy u pa3 yX KOCHYJIUCh TPaH3UCTOPOB, PACCMOTPUM HUX HPUHLUMII DPAOOTHI U
BHYTPEHHIOIO CTPYKTYpy C TOYKH 3peHHs >3QupoauHamuku. Ha Tekymuii MOMEHT
IOPAKTUYECKU BCS HAllla JJIEKTPOHUMKA Oa3upyeTcs Ha IOJyIPOBOJAHHUKOBBIX HpHOOpax.

CranpapTHas Qu3uKa NO3ULUOHUPYET UX KaK « ...MaTepuai, KOTOpbIH
[0 CBOEH YJIETbHON MPOBOJUMOCTH 3aHUMAET MPOMEKYTOUYHOE MECTO
MEXAYy IPOBOJAHMKAMU U JUIJIEKTPUKAMHU...». OTO Ha PEIKOCTb
JDKMBOE  ONpPEICIICHUE, YBOZMAIIEE B CTOPOHY OT IIOHMMAaHUSA
¢usnueckux npoueccoB. «llomynpoBOAHUKN» — 3TO TUANEKTPUKU C
NOJIIPU30BAHHOW ~ KPUCTAUIMYECKOW  CTPYKTYpOM — Marepuana.
[Tpubnn3uTENBHO BUXpEBasd cXeMa UX pabOoThl OyJIET BBIMISACTh Kak Ha
pucyske. IIpu 3TOM nepeHoc 3HEpPruu B yCTPOMCTBE HIET TOJBKO 3a
CUET JIAaBUHOOOPA3HOIO CKpPy4YMBAaHHA HQUpa MEXAYy MOJEKyJIaMu
nuanekTpruka. O0patute BHUMaHUE HAa €MKOCTh II-H IIEPEeX0/1a SMUTTEP-
KOJUJIEKTOpP, OHa 00pa3oBaHa TOPLEBBIMH €MKOCTSMU MHAYKTUBHOCTEM KpUCTaNIMYECKOU

pELIETKH.

OnTtuManbHBIM K€ SIBJISETCS NPUMEHEHHUE PE30HAHCHBIX KOHTYPOB B KauecTBE
3aIaI0UIUX, HO JUIsl UX MPUMEHEHUsSI HEOOXOAUMBbI OoJiee rTyO0OKOe MOHMMAHUE BUXPEBBIX
MIPOIIECCOB, YTOOBI MPABUILHO OPraHW30BBIBATH MOJIOKEHUS OOMOTOK B IPOCTPAHCTBE C

Y4€TOM HallpaBJeHUI BpallleHHs! INIOTHOCTHOM BOJIHBI Aupa.

P.S. Tosbko pa3BUTHE U MPU3HAHKWE BUXPEBBIX TEXHOJIOTHH U 3dupa KaK CTPYKTYpHOU
€IMHHUILbI BEIIECTBA U SHEPTUU CIOCOOHO BBIBECTH YEIOBEUYECTBO M3 TyNMUKa (PUHAHCOBOU
cucteMsbl. MICKyCcCTBEHHO co3aBacMble IIperpaabl pa3BUTHUs dTUX TEXHOJIOTUN U YCTPOMCTB
JIMIB YCYTYOJISIIOT MOJIOKEHHE YeJIOBEUECTBA Ha IJIAHETE B LEJIOM U HEM30EKHO IMPUBOIAT
K OopnOe 3a pecypchl M DSHEPruio, OKPYKAIOU[YI0 KaXXKJOr0 U3 Bac B OIPOMHBIX

KOJINYCCTBAax.
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